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and for greater emphasis in clinical practice on the effect of haemorrhage caused by low molecular weight heparin.
Background Though randomised clinical trials of medical thromboprophylaxis using low molecular weight heparin (LMWH) have demonstrated decreased subclinical thrombotic event rates in general medical patients, [1] [2] [3] [4] evidence is lacking for corresponding improvements in symptomatic disease 5 or in mortality. 6, 7 The latter outcome is anticipated if prophylaxis reduces fatal PE as a consequence of decreased venous thrombosis. Published studies to establish whether this occurs, and all trials including mortality as a secondary endpoint, have failed to demonstrate a mortality benefit. However, all studies have been underpowered for that outcome so the results could represent false-negatives. In addition, there may be more than one determinant of mortality associated with prophylaxis. For example, a reduction in PE deaths may be partly or fully offset by increased deaths from major bleeding, a recognised adverse effect of LMWH at prophylactic dose. [8] [9] [10] A recent Cochrane Review 11 summarised the results of medical thromboprophylaxis using heparin or LMWH on clinical endpoints from randomised clinical trials, supplementing earlier meta-analyses. 9, 10, 12 The review presented data for fatal and non-fatal PE and for major bleeding but not for fatal bleeding. However, the largest studies included in the Review 2,4 contain this information. Thus all the data required for the purpose of estimating overall mortality due to PE and major haemorrhage are available. It is clear that the outcome from such an exercise cannot be conclusive because the event frequency for clinical thrombotic outcomes is low, no trial has been adequately powered for clinical endpoints, and the clinical results have not been statistically significant. Nevertheless, it is legitimate to publish and examine clinical event trends for the purposes of establishing the scale of clinical outcomes, the effect of prophylaxis, and for hypothesis generation and planning future trials. No such study has been undertaken.
The author examined data from selected papers from the recent Cochrane Review 11 to derive estimates of the effect of medical thromboprophylaxis using LMWH on acute mortality. The expectation was that this exercise would provide a broad estimate, the robustness of which could be subjected to sensitivity analysis using values for important variables from elsewhere in the literature.
Methods
The balance of bleeding and PE deaths was estimated as follows. Assume a dual effect on mortality, where N=number of eligible treated patients; P=absolute PE risk in trial patients assigned to placebo; H=prophylaxis-related major bleeds (rate with prophylaxis less the placebo rate); DP=case-fatality rate after PE; DH=case-fatality rate after major haemorrhage; and R=relative risk reduction for PE with prophylaxis as documented in the Cochrane Review. The endpoint of the study was the direction of Inequality 1 and hence a capacity to come to a tentative conclusion as to whether there is a net decrease or increase in acute mortality with prophylaxis in medical patients, and the determinants of that conclusion. Calculations were performed on a spreadsheet (Microsoft Excel).
The author selected data from placebo-controlled studies of LMWH prophylaxis within the Cochrane Review that reported both fatal and non-fatal outcomes for either PE or major bleeding. 4 The author excluded studies with potential bias and those using unfractionated heparin, which has a greater bleeding effect than LMWH [8] [9] [10] (Table 1 ). The author assumed that the line entries in the trial reports were not duplicated (e.g., that "major haemorrhage" does not include "fatal haemorrhage") except where indicated. Prophylaxis-specific major bleeding was defined as the difference in the rates in placebo and treatment arms. The case-fatality rates for PE and major bleeding were calculated using the data from both placebo and activetreatment groups.
To help overcome the substantial error and uncertainty inherent in estimating mortality endpoints using nonsignificant data from underpowered studies, the author examined the effect of varying the underlying incidence and applying literature values for case-fatality rates for PE [13] [14] [15] and major bleeding. [16] [17] [18] Results Table 2 shows the values for variables in the inequality obtained after the additional selection of papers from the list studied in the Cochrane Review. Using the data, the values on each side of Inequality 1 are, for PDPR, 0.000314; and for HDH, 0.000345 ( Table 2 ). This result indicates that deaths from major bleeds exceed deaths avoided by PE prophylaxis, to the slight extent of about three patients per 100,000 given prophylaxis. In other words, it implies a small and presumably non-significant increase in mortality caused by thromboprophylaxis in medical patients under the conditions of eligibility represented in the clinical trials contributing to the analysis.
The study case-fatality rate for PE (30.8 per cent) substantially exceeded the range found in independent literature values [13] [14] [15] (under 10 per cent) and appeared implausible. The effect of inserting values within the published range was to increase net mortality (Table 3) , because the PE benefit declines. By contrast, the same rate for major bleeding was towards the upper range of published values [16] [17] [18] and decreasing this datum decreased overall mortality. The relative risk reduction (RRR) for PE appears small when compared to the RRR for asymptomatic deep venous thrombosis (about 56 per cent). Substituting that value on the basis that a relationship between the two is expected predicts a small reduction in mortality ( Table 2) . For the effects of other univariate sensitivity analyses, see Table 3 . 
Discussion
All randomised clinical trials of medical thromboprophylaxis have had as their primary outcome sub-clinical venous thrombosis detected by imaging. [1] [2] [3] [4] None had sufficient statistical power to detect changes in clinical events 5 or death, 6, 7 but these are frequently reported as secondary endpoints and have been presented in meta-analyses, [9] [10] [11] [12] including the Cochrane Review 11 that stimulated this work. Thus medical thromboprophylaxis relies on an unproven extrapolation from sub-clinical thrombotic events to clinical events that are exceedingly rare in medical patients. Attempts to discover a reduction in all-cause mortality arising from reduced deaths from fatal pulmonary embolus have been unsuccessful, [6] [7] and several possible explanations arise. No trials or meta-analyses have had the necessary statistical power to detect clinical endpoints, and the real quantitative effect if any on mortality is uncertain. Second, anticoagulant-induced major bleeding, also a rare event whose true incidence is uncertain, but according to most analyses appears similar to the PE rate, may contribute to mortality and so offset reductions due to the effect on PE. Because both are rare, the balance of effects is not known accurately, but the possibility arises of a net [AMJ 2015; 8(9) : 286-291] increase in mortality with prophylaxis. This possibility is supported by the present study.
The author was aware of important statistical issues that arise when making calculations and extrapolating from rare secondary trial endpoints, where differences between active and placebo-treated groups are not statistically significant, especially when some secondary outcome data (for example, the case-fatality rate after PE) are implausible and not consistent with published literature. This study is not a meta-analysis and the results are provided as point estimates for consideration on their merits. The author took the view that if rare clinical endpoints are worthy of presentation in peer-reviewed meta-analyses, they must also assist in the drawing of tentative conclusions after secondary study. The opposing argument is that the data have such wide confidence limits that the manipulations presented here are questionable. If this view is correct, then: (a) the original data must be equally invalid and in spite of being published after peer review should not be further considered; and (b) the practice of medical prophylaxis is also invalid, since it is aimed at averting clinical events including death for which the evidence is inadequate for the same reason. 5 These uncertainties mean that distinguishing between the possibilities that thromboprophylaxis decreases, increases or has no effect on mortality in medical patients on the basis of this study is not possible.
The tentative conclusion from this work that deaths avoided from reduced PE are similar in magnitude to increased deaths from major bleeding. However, a previously unstated hypothesis for future study emerges: that medical thromboprophylaxis may have a negative action on mortality because deaths from major bleeding are greater. Previously this author has argued that the selection of patients for prophylaxis should be restricted to patients with weighty risk factors, so that these trends are influenced in favour of net benefit, and this suggestion is supported by the current work.
The case-specific mortality from PE reported in clinical trials of thromboprophylaxis studied here (30.8 per cent) is substantially greater than in recent prospective studies [13] [14] [15] (weighted average of 4.6 per cent) and hence questionable. When the lower figure is used the mortality deficit increases (Table 3 ). This result strengthens the hypothesis that medical thromboprophylaxis may increase mortality. However, the result must be interpreted with caution in view of the very low incidence of PE in medical patients and the possibility of bias in assigning each death as being causally related to PE. This bias, if it exists, is within the original peer-reviewed trials and meta-analyses, and does not arise from the present study.
As the author has previously documented, 19 there is intense pressure to prescribe thromboprophylaxis in Australian and overseas hospitals. Recent guidelines 20 have correctly emphasised the need to consider excluding patients with a known bleeding risk. However, this does not overcome the problem discussed here. The presence of a clinical bleeding risk (for example, thrombocytopenia), was an exclusion criterion in all the randomised trials of medical LMWH prophylaxis cited here, and hence the reported incidence of major haemorrhage is not due to administration of an anticoagulant to patients at risk of bleeding. It appears to be an inescapable side effect of LMWH, even at the lower dose used in prophylaxis, representing an idiopathic sensitivity to the drug whose effects are unpredictable. Internationally, concern has been raised that compliance with guidelines for medical thromboprophylaxis is poor, 21 and methods for improving compliance have been described. 22 If the new hypothesis generated by this study has substance, it is possible that, paradoxically, poor compliance has protected patients against increased mortality.
Conclusion
The results from selected studies included the Cochrane Review of medical thromboprophylaxis suggest that PE deaths avoided and those caused by major bleeds are of similar magnitude and that under plausible assumptions net mortality may increase. Such an effect would explain why no mortality advantage for medical thromboprophylaxis has so far been documented. There is a need for further clinical trial work to determine the effect of medical thromboprophylaxis on clinical events and mortality.
